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ABSTRACT

This report deals with n study of the sompound §«330
as an impregnite for permeable protestive clothing. Most of
the work reported is based on an aqueous process of impregnetion.

In cemparisen with other ohloroamides used es impreg-
nites, the compound 8-330 wes found to be quite stable on aleth,
and to cause somewhat less deterioration of cotton fabrice 7The
exocellent retention of active chlerine and tensile strength for
8§=330 impregnated fabrics was meinteined throughout » wide range
of variations in impregnating systems,

Veslcant vapor penetretion tests showed thet B«330
was effective against lewlsite whoreas other chlorcemides geve
very little protections When H vapor penétration tests rre
made on oloth samples conteining 8#330, there is sn initial
poriod when H vapor penetrrtes the febriee. This initial luak-
age 1s partioularly proncunced nfter storage or weathering.
Meny variations rnd procedures were investipgated in en attempt
to eliminrte the initial unreectivity of S«330. No suscessful
procedure was found. '

The oompound 8«330 18 not_recommonded as an impregnite

for protective olothing since physioclogicnl tests have shown
thet it dees not glve rdequete proteotion.

CONPIDENT JAL
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1. This work was authorized under Projest 547/41, "Maintenance,
Bursau of Ships," dated 16 December 1940+ The problems which
were proposed for study were given in Bureau of Ships letter
§-877-2 (Dz) Serial 811 of 17 Decembsr 1940.

STATEMENT OF PRCBLEM

2e¢ Thig study was undertaken to determine the suitablility of
the compound 8=330 rs nn impregnite for protective olothing.
The present Navy directive specifies the oompound §-145. Pre-
liminery studies showed that §-330 was superlor to §-145 in
certain important respeets.

KNOWN FACTS BEARING ON THE PROBLEM

3+ Preliminery work on impregnite S-330 was reported in &
Wemorzndum to the Director entitled "The Evaluation of Impregnite
§~330," dated 19 November 1942, The memorandum desoribes results
obteined with $S4330 applied to cloth by the tetrachloroethane
solvent processs Impregnite S=330 appeared to be enough

superlor to impregnite $-145 to warrant exheustive investigation.

4+ Pllot plant production of §-330 at NRL has shown that the
ocompound oan be produced in quentity ct o ocost whieh compares
favorably with that of 3-145,

6« This Leboratory, the NDRC, and the CWA have been actively
engeged in developing a protective ointment sconteining 8-330.
Numerous irritation tests of protective ointments have shown
that 8«330 is remarkably non=-irritant among ohloroemides,
Furthermore, scme indioations have been cbtained in wearing
triesls of proteotive olothing that §-330 is superlior to other
impregnites from the standpoint of irritation.

THECRETICAL CONSIDERAT IONS

8+ In order to estmblish the superliority of one imprognite over
another, the four mejor faotors listed below should be used for
comparisonsy

a8, Retention of aotive ohlorine by the impregnite
under extreme conditions of storage, exposurs,
and wear.

be Tendenoy to rot cotton fabrie under extreme
oeonditions of storapge.

CONFIDENTIAL -l -
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o Reactivity toward vesicant vapors.
de Irritancy under extreme conditions of weers

The memorandum mentioned in paragraph 4, showed 5=330 4o be
superior to S«145 in categories (a) and (b)s It mlso showed
that §«330 is uniquas among impregnites in that it offers pro-
teotion against L.

7« The superiority of 8«330 with regard to ocloth tendering

and its protection against L hasbeen attributed to the basieclty
of §=330 or 8-330 base. S5-330 base (unchlorinated 5-330) cone
tains two imino groups which are sufficiently basic to reaot
with acids and form salts. It is believed that these imino
groups 1In S=330 ltself as well as in S«330 base ocan react with
HC1 and thus prevent cloth tenderinge Furthermore, this ability
to react with HC1l would eccount for the protection afforded by
S5«330 against Lewisite vapors

8¢ Ancther advantage possessed by S=330 over S=145 is that
5«330 oontains more than twioce as much ective chlorine per unit
weighte This means that the same active chlorine leading can
be obtained on a given ares of cloth with about one half the
weight of impregnite; oconversely, tho same loading weight of
impregnite will furnish twice as much active chlorine.

FREVIOUS WORK DONE AT THIS LABORATORY

B¢ NRL Report Noe. P-2000 describes in detail the test :xethods
employed in the eveluation of protestive olothinge NRL Report

Noe P=2085 describes the aqueous system of applying impregnite

to elothinge A Memorandum to the Director entitled "The
Evaluation of Impregnite S=330," dated 19 November 1942, desoribes
results obtained from protective clothing impregnated with S-330
by the solvent proocess. The memorandum alsoc desoribes a labore=
tory method of preparation of S=330.

EXPERIMENTAL PART

Ae Btability of S-330

10« Accelerated thermal and hydrolytie stability tests run on
S5«330 show 1t to be suparlor to 8-146 in this respect. Tables
I end II give the detas It will be noted that these and the
succeeding tebles cheracterize the 5«330 with numbers such as
P-2, P=3, sand 8o on. During the early part of this work the
available =330 came from NRL's pllot plant which at that time
wes oxperimenting with the manufacture of 5-330 under various
eonditions., Tho characterizations refer Lo different batoh
numbera.

CONFIDENTIAL «2 -
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Table I

Thermal Stability

% €1* Rotained

AL

70°¢

100
Compound 2 days 1 moe 6 mos 2 moe
§=330 - 97 13
8330 + 107 2n0 - 98 0.4
8«330 + 26% 2Zn0 - o8 046
S330 + 15% Daxad 11 - 98 37
8-145 58 17 -
§-146 + 10% 2n0 0 - -
8%145 + 25% Zn0 0 - -
Table II

6 moe 8 mo.

Hydrolytio Stability

97 -
28 -
98 -
- 68
- 68
- 0

(042 go ohloroamide, 5 hrse in 100 mle. boiling water)

Canpound Particle Size Added Agents % C1* rets
§-330 (P-8) 1-6 microns 78
610 a7
1020 77
20-30 77
30=40 71
Mixture 73
Mioronized 80
8=145 (TCA) 1-3 54
6=-10 51
10-18 71
20-30 8l
4453 88
Mixture 86
Mioronized 40
8=330 (P-2) + 20% Dexad 1l 92
+ 3M"x3" cloth 41
+ 20% RH~403 81
« 20% Methooel 91
+ 179 Zn0 87
+ 75% CP in 36eC* 81

CONFIDENTIAL
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Be Formulation

1. The bulk of the work done on formulation was dons with the
§-330 as it came from NRL's pilot plante This material had a
particle aize of 5-40 microns. NRL Reports No P~2085 and P-2124
demonstreted the superiority of small partiocle size impregnite
S«145 in moat respects. It was reasonadble to assume that these
advantages would extend to §-330 if the latter were of small
particle size. Acocordingly, a quantity of 8330 was micronized
by the International Pulverizing Corporation end this material
was used in further laberatory end plant impregnation of oloth.
Micronized §-330 ranged from 1-6 microns mnd oould be substituted
for unmicronized in any formulatione The standard concentrated
chlorinated paraffin emulsion desoribed in the Navy direetive for
aqueocus plent impregnation using 8-146 was used throughout in
these formulations. It will be referred to hereafter as 36«C.
Typieal formulations which were successfully used for impregnations
are as followeg

(1) leboratory formulation with Colleid i1l

204 of unmioronized $~330 (Bateh P-7) end 1jff
of zine oxide were stirred into 20jf of water
oentaining 3/4% Daxed 11, The slurry wes
recyoled in an Eppenbach Colleld Mill until
free from gritty matter. The mlorosaope
showed the powders to be well deflopoulated
with only a few small egglomerates. This
slurry and 22,5, of 38«0 were each diluted
with 33/ of water and then mixed. The mixture
was then flooceulated, but two passes through
the mill at oclearance zero gave satisfactory
deflocoulations This impregnating bath ocon-
tained 8% 5-330. Army HBT sults, regulation
underweer (long), and sooks were impregnated
from this bath, wrung out by hand, and tumbler
dried. All had & good eppearance end the
active chlorine contents were as follows:
suits 1.l mge 01*/ome?} underwenr 0.8; socks 0.8,

(2) Laboratory formulation with Gear Pump

A formulation without the use of the colloid

mill and incorporating dye was ae followss 2400 ge
of water containing 30 ge T1X«40, 10 gs TLX«42

30 ge Daxad 11, 500 ge 8-330 (Batoh P-7), and

B0 g+ Z2n0 was reoyeled through e gear pump until
little or no grit could be felt. At this point
not all the S5-330 was deflocculated. Toen minutes
additional resycling did not improve the slurry,

CONFIDENTIAL -4 .
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Added 1125 ge 36=C and recycled again for 16
minutess Diluted to B 8=~330 and impregnated
several swatohes of Arnzen oloths Although
not all the S~330 had been deflococulated, the
swatches, wrung ocut by hand, were evenly dyed
with no hea dq‘,posits, and the oloth oconteined
0.9 mge C]"' Gﬂb'.

(3) Portable Plant Formulation

A plant run waes made with the S§-330 (mioronized)
as followss To 90} of 36-C were added 38 of
khaki dye solution (10% dye - & parts TLX=41 to
one part TIXe42) and 24% of water oonteining Bf
of Dexad 1ls Usirg & "pLightnin'" mixer, 40#

of mioronized S=330 was stirred in. After
stirring for 15 minutes, the S5=330 was well dee
flosculateds 4; zinc oxide was added and stirred
againe The zino oxide did not detflocoulate
readily. The bath was diluted to 64 gallons
(643% B8-330) and used to impregnnte five batches
of eleven suits each of Navy Arnzen oloth suits,
60 pair of gloves, and 100 palr of sooks. The
standard procedure end equipment of the Navy
portable impregnating plant was usede The sults
were not as evenly impregnated as in the regu~
lation S«145 processs This was attridbuted to
the sxcessive foam that was encountered in the
impregnatione The excessive foem may be due to
the relatively large amounts of Daxad that are
required to dieperse the S«330. Foam was present
in ell formulations trled _to dates The suits
analyzed 0463 mge C1*/ome® with a range of 042~
OeBle

(4) Chlorination on fabrioc.

There is evidenoce that the distribution of chloro-
emide in the cloth has a pronounced effect on its
behavior in respect to both weathering and re=
actlvity toward H vapor. It was possible to obtaln
e thorough distribution of S5«330 throughout the
body of the oloth in the following manner. 4 strip
of leundered Arnren oloth was immersed in a water
solution sontaining 7% by weight of 8=330 base
hydroshloride and was wring out es dry as poseible,
Without letting the oloth dry completely, it was
suspended in an atmosphere of ohlorine gas for 20
minutes. The cloth was then thoroughly rinsed in

CONFIDENTIAL -5 -
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weter and allowsd %o dry. The ocloth was satis-
fectory in appesrance and was soft and pliable.
There was no apprecimble dusting off except on
violent beating, The ective ochlorine content
was 1.0 mgs/ome“s It was found that this figure
could be controlled by varying the concentration
of the original bathe The oloth could then be
treated easily as required, as with an emulsion
of ohlorinated paraffin, a slurry of zino oxide,
or dye, or whatever might be necessary to achieve
speciael properties,

Formulations using this technique will be
designeted as (OFe

Ce Evaluation of Impregnated Arnzen Cloth

12, The behavior of 3-330 cloth on weethering was studied in
the same menner as desoribed in Report No. P=2065 for S«146.
Two asoelerated tests were useds Btorage st 75°C and 756%
relative humidity, and storage at 110°F and 76% ReHe Outdoor
weathering was oarried out by exposure at Miemi, Florida, and
et Washington, D« C» The effect of storage and outdeor
exposure on active chlorine retention and retentien of eloth
strength was determineds The resistance of the impregnated
oloth to vesioant vapors 1s taken up in a later seotions

(1) Comparison ef (hloroamides

13, Table III compares various chloroemides which have heen
under oonsideration from time to time. Arnzen cloth samples
were impregnated from stendard aqueous dispersion systems both
with and without stabilizer. The oloths were then subjected
to the storage and exposure testa. 8=330 was generelly
superior to the other chlorcmmides especially when stebilized
with 107 zino oxide. For all the ohloroamides, zinc oxide hed
e beneficial effect on tensile strength retention, and it
improved the aotive chlorine retention of §-330 impregnated
olothe

14, Table IV compares clothe sut from suits that vere impregnated
for wearing trials. S-330 here was superior to the other com=
pounds in respect to metive chlorine retention.

(2) The Effect of Binder

15+ The ratio of binder to ohlorocamide was studied in an effort
to determine whether there wes an optimum concentration as far

a8 weathering and storapge stebllities were oonoerned, The binder
used in every case but one was the standard 42% ohlorinated

CONFIDENTIAL -8 -
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paraffin (CP). 1In one oase e heavy refined minerel oil was
useds The oloths were impregnated with aqueous dispersions
prepared from unmiocronized S$~330 as presviocusly described.
The data are given in Table Ve No marked differences are
evident among samples oontaining different amounts of binder,
A simller serles carried out with mioronized 5-330 showed the
same behavior. The date is shown in Table VI,

Table VI
The Bffeot of Binder Content on Mioronized $=330

{Data glven es per " GeRt of original valued)
Outdoor, Floridae

December, 1943 75°0~76% RH 110°F-75% RH
Binder Stabilizer c1* TeSs D8 hrs. 60 da 120 de. 120 de
% OGP A ) lwk 2wk 3wk 3 wk _q_l__“’ Tele —01¥ Y-y
0 0 86 72 68 100 89 93 79 67 o4
26 0 82 87 69 100 91 93 79 67 86
50 0 87 67 170 96 88 85 76 83 89
76 0 86 67 66 91 86 92 81 66 87
0 10 88 65 71 100 92 99 78 89 100
26 10 84 66 71 100 90 97 75 87 100
50 10 8¢ 73 76 100 93 95 89 91 100
76 10 86 71 72 100 94 98 87 8R 100

(3) The Effeot of Daxad 11

16¢ It has heen suggested that Daxad 11 has a stabilizing effeot
on Se461 formulationa, A series of cloths was prepared to
determine whether the same effect wes present with §-330
formulations, The oloths contained 76% CP binder, no tino

cxide except as noted, and various pereentages of Daxed 11

based on the 8-330 oontent. Table VII glves the results of
exposure and storage tests. No evidence sppears here to

Justify the use of Daxad 11 as a stabilizer for $~330.

(4) The Effect of Mixing Chlorcamides

17« A difficulty encountered in using $-330 as an impregnite
was the loss of effieciency of the canpound after weathering.
It was proposed to initiats tho reaction between weathered
5-330 and H vapor by the presence cf another, more highly
reaoctive chloroamide. ‘A series of cloths was prepared con=-
teining mixtures of S-330 with S=461 and S~146. The cloths
were impregnated from standard aquecus systems with 75% CP
binder and 107 #ino oxida bhased on the chloroamide aontent.

CONFIDENTIAL « 10 =




L

S iy

SOy

VSN

(

‘H.H'

2¢¢~S POITUOIITN,

56 68 - 00T o1 001 - 19 gl 98
001 0s 92 65 59 7 4 91 65 1
001 X4 G L9 18 116 2 4| ¢ 99
001 9 8 9 4:] 001 mm a1 e &
86 44 96 1L 06 oot e a1 v €69
*s 1 R A e C A2 AT Y ym g FMZ M
sy 96 *s ‘1 <ID
g °q $GL-255L (ST61 “K®H) ‘®priold -200PIN0

senTwa TeutdTio Jo qusd xad s® usard ejeQ
1 F

IIA 91q%1

(2-4) 0£¢-$ 403 I92TTTQE3S ¥ §T [I P¥XEQ JO 333331 &I

TVILNIQIINOD

(ouz Yoi+) C2,
02
a1
ot
5

11 pexsQ %




EiTE

s 001 88 - 26
X % <o - 16
m ot 001 12121 - Lg
NS sfep 021 sfep 037
*H"¥ %6L-4,0T1
g6 /A
ot 9L
001 18
93 0g
26 1)
6 68
96 29
5L +10
sksp 0¢
H*¥ ar-d,01T

-2l - TVIIRITIINGD

96 (3 001 - % o0 e SHT-5 201 a

56 1€ 001 - 1)) mm 9M~5 401 "

96 g 00T - aL w e suoy PSZTTUCIOTH

"S5 410 o ¢ M Mg gmg My SpTWROIOTY) 0¢g-S
"sau 96 °S°L +10 POPPY

"H*¥ 6L-0,GL (6T *°o30) ‘uoIuTySen 'I00PIN0

96 26 00t 1 an 15 89 a Of 9-d

00T ¢6 oct 18 26 14 ol « 02 9-d

001 66 00T 64 617 09 6L SHT-s o1 9-d

001 26 001 gt 26 &9 9 u 44 9-d

00T al 00t €S 99 Ll 18 u 0t 9-d

(3 1441 00t 95 ¢9 ¢l ¢l 9N-S %46 9-d

00T Lot 001 £6 201 66 S0t _auoy -4

ST +15 M ety M ez WY spTwBOIOTI) 0z¢-8

*say 96 5L 219 PSPPY
TH*Y¥ 4l-0,5L TEH6T * -9ny) ‘wogBuryssy ‘I00pang

(seurza TeuIdTIOo Jo Jus0 xad s® usat1d wyeqg)

SYROT) 0CE-S JO AJTITqEIS ®wo S9DTWeoIoTY) PSPPY JO 399334

IIXIA OTQ8L




[ormn

B ‘ 1oty
el

i Am

The impregnated oloths were subjected to the usual tests to
determine the behavior of such mixtures. Table VIII gives the
datae The reactivity ageinst H vapor after storage and exposure
is reported in a later section.

18, The presence of S-145 up to %07 seemesd not to affect
the stability ohsracteristics of §-330, nor did S=461 up to
16%« The mioronized S-330 showed little adverse effect due
to the addition of 10% of other ohlorcamides.

{(8) The Effeot of Chlorocamide Concentration

19, A test waas made to determine what effect the original
loading of chloroamide on the oloth would have on stability.
Cleth samples were impraognated fram a standard ayueous system
containing 756% CP bind2r and 10% zino oxide, based on the 8-330
contents Table IX shows the effect of loading on stability in
the aocelerated storege test,

Table IX

The Effect of Loading on Stability of [
§=-330 (P=7) Cloths

868 hours at 75°C«75% ReHe

‘Loadin - Loedin
lge CY*/om,2 % Cl* ret. Mge C1¥ ome? % C1* ret.
0498 100 0e64 94
098 97 065 93
0486 98 054 91 |
0.82 83 De45 88
0478 101 044 98
0478 102 0,38 .90
0485 86 0.34 94

Teble X gives the data on a similar loading series prepared
with mioronized 5-330« Uonsiderstion of the data in Tables IX
and X leads to the oonclusion thet no significant effeot eoan
be attributed to 8330 loadinge

CONFIDEITIAL - 13 ¢




Table X

The Effeot of Loading on Stability of Mioronized
§=330 Cloths

(Data givén-ms-percent of bDriginel Velues)
Outdoor

gm-idat (p_eae,letzag 76°C=76% RaHe 110°F - 75% ReHe
g T+5s 96 hrs. c1* TeSe

Mge 01 /om TWE Zwk 5wk Bwe O1F 1.8, 60da 120ds 120 ds

046 88 69 68 100 87 g6 9l 86 100
07 85 71 73 100 94 g6 87 88 100
lé0 87 66 80 100 93 98 78 38 100

(6) The Effect of Stabilirers

20¢ Beveral of the tables above include stabilized formulations
for direot eomparison with the unstabilized, In eddition a
series of oloth samples was impregnated from a standerd squeous
system sontaining 757 CP binder in which only the amount of
stabilizer was varied. The data is given in Table XI« Thers
are no significant differences among different amounts of zino
oxide. The unstabilized end CaCOz stabilized cloths show a
poorer ohlorine retention than the zine oxide cloths in the
110°F tropieal storags. The first 10% does make an important
difference both in active chlorine retention and tensile
strength retention. Table XII gives the data for a similar
series for mieronized S-330. Here the results are not as olear-
out, due possibly to the superior inherent stability of the
mieronized materinl. However, in this case alsc, the presence
of 107 or more of Zn0 improves the ohlerine retentione 107
CaCOy stabilizes 8-330 only e little less well than 10% ZnO in
the outdoor and tropleal storage tests,

CONFIDENTIAL - 14 -
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“Table XIT

The Effeck of Stabillzer on the Weathering of Micronized
i 8380 Cloths
{Datn given o per cent of original value retained)

Outdoer, Florida (Decs, 1943! 96 hr. at  110°F=75% RH
3 rets

' CI" ret. 76°0-76% RH o1t TeSe
stabilizer 1wk 2wk 3wk lwk 2wk 3wk _c}__*_ TeSa 2 MOs 4 MO, 4 MO
0% 2n0 85 87 86 100 00 81 86 92 il 86 87
107 86 71 72 100 100 100 94 86 87 B9 100
179 ;)] 80 88 100 100 100 98 g8 92 87 100
267 Y 87 86 B8 100 100 100 87 97 o4 93 100
107 05003 86 81 67 100 g8 "1l00 €3 986 91 T4 96

(7) The Effect of Dyes

21e There 18 evidence that ultreviolet radiation accelerates

the rate of deocmposition of chloroamides. However, the pignents
used in the stenderd imprognation formulation spparently slow
down the degomposition of 8+330 on outdoor woeathering, This ig
shown in Tedble XIII where, both with and without stabillzer, the
presence of dye improved the chlorine retention. The effect is
not apparent in the socelerated tests whers there is no sunlighte.:
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(8) Behavior of COF Claths on Weathering.

22+ A merles of cloths prepered by the chlorination on fabris
toohnique was weathered in the usual manner to determine the
behavior of this type of oloths Table XIV gives the data.

From outdoor wenthering it appears that COF eoloths deteriorate

& little more rapldly than oleths prepared with mieronized S-SSO,
but a little less repidly than Se146 oloths,

(9) Behavior of Mioronized 8-330 Cloths on Leundering.

23« Table XV gives data on the lsundering of S~330 oloths. The
date leeds to the following conclusions,

(a) The presense of binder increases the laundering
roaistance of S-330 oloths ccnsiderably. Howe
ever, the quantity of binder from 25% to 75%
appears to meke no difference.

(v) B8-330 is superior to S8~481 in respect to
laundering resistanse under the ssme aonditions,
and 18 equal to S=145

() The loading males no difference on %aundering
{n the range of 0.5-1.0 mg. C1*/ome

(d) The presence or absence of ZnO does not
effeot the laundering resistance to any marked
degroo.

(e) The presence of 10% 8461 or 107 S-145 does
not affect the laundering resistance of B8=330.

(f) The laundering resistance of COF formulations
is comparable to micronized £330 formulations,

CONFIDENTIAL -19 -




Teble XV

R

Pl v waa s

The Laundering Resistance of Mieronized

£-330 in Various Formulations

il

L

60°¢
% €1* reteined 0.5% Ivory
Stebilizer 90°F, 0,08 osonol Soa
Compound % CP % 2Zn0 Other 1 wasgh 2 wash 3 wash 4 wash § wash
8-330 0 0 67 48 43 38 1€
) 26 0 63 88 86 84 57
60 0 8¢ 83 88 86 a0
76 (o] 8¢S 83 86 81 48
8-330 0 10 66 44 34 22 16
26 10 78 68 €8 70 39
60 10 86 87 87 85 64
76 10 84 78 76 77 45
. Low Loading
i 8=330 76 10 80 80 76 75 1]
' High Leading
8«330 75 10 86 78 76 76 34
8=330 76 17 92 89 82 82 51
76 26 94 92 86 88 62
i 76 10 CaCO3 94 91 88 88 61
' 75 10 10 5461 86 78 76 79 62
76 10 10 8146 89 87 86 86 €0
226 76 58 Daxad . 98 86 92 93 88
226 60 14 Daxed 94 89 83 22 40
ceF
{8-380) 0 o} 88 72 60 46 -
26 o - 94 78 68 63 -
76 0 98 93 88 8% -
76 10 g6 92 79 77
8-48) 226 76 60 Daxad 56 45 37 28 0
226 €0 16 Daxad
+* MnAoz 40 24 8 4 o]
S=1456 76 10 80 72 74 75 43
CONFIDENTIAL w20 -
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De Veasloant Penetration Tests

(1) Comparisen of Chloroamides

244 Rosults of vesioant vapor testes of ocloth impregnated with 5330
vy the tetrachlorocethane solvent process are desoribed in
Memorandum te the Director, "The Evaluation of Impregnite 8§-330,"
deted 19 November 1942, The data obtained in these tasts are
reproduced in Tables XVI and XVIIe

Table XVI

Vesicant Vapor Penotration Tests on Unweathered Samples

Proteotive Time (Min.) by % ¢1* Remaining
Impregnite  Agent 0.} mg. (:1."'/&::1\.2 Ol mge S--C:mpci-/om.2 After Test

8-146 (DFU) X 4047 549 2.3
Se145 (TCA) H 33.8 4.9 9.5
§-328 E 22.5 7 o4 5041
5330 H 5046 170 0.8
§=461 ;5 5440 24.8 12.8
8-1456 (DFRU) L {340 <Ot 1.8
§=-328 L <246 0.8 -
$-330 L 11.4 3.8 13.6
8-146 (DFU) + L 642 049 1748
25% 2no
Table XVII

Vapor Penetration Tests on Samples after Expoaure
to 76”°C and 75% ReHe for 96 hrs.

Proteotive Time (Min.) by % C1* Remaining
Imprognite  Agent Ol mg. cl“"/:sm.2 0ol mg. S=Cmpd +/om. After Test

8-1456 (DRU) H 3846 546 243
s-145 (TCA) H 30.4 4.4 8,1
g=328 H 3.5 1.1 7841
§-330 H 5247 17 44 0.0
S=461 H 53.2 24.5 9.0

It was eoncluded from the rosults of these tests that, per unit
woelght of active chlorine, 5«320 has sbout the seme protective
oapacity toward H vapor as §-461 and greater capacity than $-145
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and S=328. It was also shown that S-330 gives some protection
ageinst 1 vapor, whereas other chlorcamides do not.

25, Since the ahove data were reported, it has bocome evident
a8 the result of gas chamber tests with human subjects that the
magnitude of veslcant vapor leakage through the impregnated
clothing is of greater physiologloal significance than the over-
all proteotive capacitye. In thls respect &5«330 1ls markedly
inferior to S-145 and §-461, especlally after weathering or
storagse

26+ In chemical penetration tests used in this investigation,
the rate of leakage of vesicant vepor is determined by the time
reguired for an indioator bubhler to be discharged. Since each
bubbler detects a given amount of vesicant vaper (0.2 mg« of H),
short bubblor timos indleate a high leakage whereas long bubbler
times indicete & low rate of lesekage. In particular, a high
initial leskage of vesiocant wvapor is indicated when the first
ona or two bubblers are discharged in a short time oompared to
suceeeding bubblers. This is illustrated in Teble XVIII which
shows the discharge times for five suocessive bubblers

Table XVIII

Initial Vapor Leakage in Penstration Tests

Vieathoring
or Bubhler Times (Minutes)
Impregnite Storage Mge C1*/ome? 1 2 3 4 5
S-146 None 043568 67 .4 39.7 32.0 18,2 10.0
8-328 " 04564 7848 6941 3548 22.3 17 .4
S-330 " 04474 20,7 963 74 6 37.2 2046
S=-481 " 0,608 113.0 68.4 43.2 21.7 18.1
8«146 76°C=75% RHe 04326 62.8 50.4 1744 8.9 77
8-328 " 0364 12.1 10,1 8.4 847 8.6
S=330 " 0467 24,1 33.3 8849 182,56 21.3
5-461 " 0,412 656 92,8 4B4) 27.2 19.6

27+ The high inlitial leakage of tho §-330 imprcognatod cloth us

oompared to 8-145 and §-46) is shown by the low first bubhler
timess Tho above data also show the lack of ompacity and extremely
high laakage eharacteristic of 8-328 Aimpregnations after weathering.
These effects are moreo clearly demonstrated by a graphical presene

tatlion of the data in Plates 1 and 2.
show the coneentration of H in the effluent air stream during the

course of the penetration teste
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284 It has been found that agqusous impregnations of S=330 show

the seme characteristios as solvent impregnations with rogerd

to leoakege and sapacity. A comparisen with §-146 impregnated

by the aquesus process is given in Table XIXe. In this table the

capacity is expresged in terms of protsetive time (min.) efforded

by Oel mgs €1%/om.“ and the initial reactivity or leakage is

showm by the time required for the first 0.2 mge H vapor to .
penetrate the oloth (lst Bubbler Time). i

Table XIX

H Vepor Penstration Tests on Samples Impregnate
from Aqueous Suspensiong ’

Caprolty Initial Reaotivity
Impregnite Weathering or Storage Mine/Oel nge €1*/oms® 18t Bubbler Time (Min.)
§=-146 None 7646 133
8«330 None T 6947 22
§-146 759 - 75% ReHs (86hrs.) 5046 112 ,
8=330 # 6047 22
§-145 Tropical (1 mos) 7142 140
8-380 " 6346 116
8«145 Outdoor, Floride (3 wks) 39.9 100
§«330 " 67.6 19

29, The deta in the above table show that in protesctive capseity
8330 oompares wvery favorably with £-146 whem imprognated from an
aquecus suspension, but that the initiel remctivity is much less.

It will be shewn later that this initial lemkage of H vapor is
highly significant physiolegically and reprosents a most important
oriterion in the evaluation of 8330 for use in proteetive olothing.

(2) The Effect of Binder Concentration.

30+ To dotermine if the ooncentration of chlerinated paralfin .
binder present cn cloth impregneted with §-330 had any significant
effect on the H vapor penetration properties of the cloth, samples
wlth varying binder ocnsentretions were subjected to standard
penetration tests. The results obtained in theso tosts are given
in Table XX.
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Teble XX

Effect of Binder Concentrations on H Vapor Penetration
Semples Impregnated from Aquecus Suspensions

Initial Reaotivity

Binder Capaoity lst Bubbler Time
% CP*  ieathering or Storags Mine/041 mga C1*/om.? {min.)
0 - None Bl.6 10
25 " 12.1 12
60 " 8749 22
75 " 2442 16
0 75%075% ReHe (96 hr.) 3644 7
25 " 6346 11
50 " 6745 14
76 " 340 . 14
0 Trepical (1 mos) 6947 8
25 " 4545 10
50 " 89.3 16
76 " 53.0 17
0 outdoor (3 wks.) 8046 1
25 at ‘NRL 45 .6 14
50 " 6748 15
76 " 25.8 19

* % OP is expressed on the hasis of the
8=330 ocontent.

3ls The above date show that the ooncentretion of shlerinated
paraffin has no effect upon either the leakage or capasity of
the impregnated fabricas. In all cases the initial leekage was
high end the capacities were extremely variable,

{3) The Effeet of Daxad 1l,

32+ Although the presence of Daxed showed no stabilizing effect
on S-330 impregnations, the serles of samples conteining various
concentrations of this agent was tested for H vapor penetration
teo determine if any improvement in protection was imparted,

Table XXI shows the results of thesec tests.
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Teble XXI

Effest of Daxed 1l Concentration om H Vapor Penmetration
Samples Impregnaeted from Aqueous Suspsnsion

Conoe of Initial Remctivity
Daxad 11 Caproity Ist Bubbler Time
(% of 8-330) Weathering er Storage Mine/0.1 mg. (;1"'/::1:1.2 (Mins)

0 None 7648 41

5 " 63.8 44

10 " 6847 35

15 " 9.1 3s

20 " 8l.8 63

0 76°C-76% R+H, (86 hrs.) 94,0 21

6 " 133.0 28

10 " 124,1 28

15 " 64.6 34

20 " 16648 30

o) Tropical (1 mo.) 8446 20

6 " 4546 21

10 " 6947 27

16 " 8.6 15

20 " 30.8 13
0 Outdoor (3 wks.) in

Florida 6046 23

5 " 42.6 18

10 " 39.4 17

15 " 66.8 18

20 " 3643 18

33+ It mey bo seen from the deta in the foregoing table that
the prosence of Daxad 11 has no effeot upoen the penetration
charaotoristics of $-330 impregnations.

(4) The Bffeot of Mixing Chloroamides

34« Since the high initial leakage of 3330 impregnetod clothing
represents the most sorieus disadvantage of this type of slothing,
an attempt wag made to reduce this leekage by combining 8330 with
other, more roactive chloroamides. A series of semplcs was ima
pregnated with mixtures of §=330 with 5-145 and with S-48), and H
vapor penetration tests were made. The data are given in Teble
XXITe
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Table XXII

Effest of Mixing Chloroemides with S«330 on H Vapor Penstration
Sampleos Impregnated from Aqueocus Suspensions

Weathering Initial Reactivity
g-Cempound % of Added or Capaoity » 18t Bubbler Time
Added §-Compound  Storage  Min./0.1 mg. 61*/om.” (Mind)
8-145 10 None 63.2 73
20 " 101.0 94
30 " 89.7 118
S=461 5 " 6843 61
10 " 91.2 82
16 " 686.8 60
33 " 127.0 213
BO " 68340 78
67 " 64.6 263
8=146 10 76°C=76% RH
(96 hrs,) 8647 22
20 " 99,0 26
30 " 84.9 28
8~461 6 n 7943 2]
10 " 64,6 16
16 " 94.0 26
33 " 30.9 29
60 " 3743 28
87 " - -
g=145 10 Trepiesal (1
mo.) - 19
20 " - 24
30 " - 20
Se481 5 . - a2
10 " - 17
156 " - 21
50 " - -
87 " - -
§=1485 10 Outdoor (3 wks,)
20 " 53,1 30
30 " 56,9 27
§5-461 6 " 32.8 27
10 " 5248 24
16 " 74,6 23
33 " E8.1 17
4] " - -
87 " - -
CONFIDENTIAL - 26 =




35. Mixing more resctive chloroamides with §-330 resulted in
a marked decrease in inlitial leaskege of freshly impregnated
sempless However, after weathering or storage as indioated,
the leekage was as groat as ln the case of cloth impregnated
with §-330 alone. The ratlc of ooncentretione of the ohloro-
amides did not appear to be of any signifiocance.

(6) The Effeot of Impregnite Concentration

36+ To determine if an extreme verietion in impregnite conoentration

hed any effeet upon inltial leakage of vesiocant vapor through
8-330 imprograted fabries, a series of samples with a range of
8330 contents was subjected to H vapor penetration tests, both
before and al'ter mcoelerated storagee The date glven in Table
XXIII were obtalned.

Table XXIIX

Effect of Imprognite Concentration om H Vapor Penstration
8-330 Impregneted from Aqueous Sugpensions

Cono. of Cl*

(mgze/ome2) Initiel Remotivity (1st Bubblor=Min.)
After 96 hr.

orige at 76°C~757 ReHo Original After 96 hra. at 75°0=76% ReHe

0462 0446 26 23
0460 0.62 28 21
0,88 0.91 23 23

87+ It was oonoluded from the above date that the impregnite
oconcentration has no effeot upon the meagnitude of the initiel
loakage of H vapor through §-330 impregnated clothinge

(8) The Effect of Btabilizers

384 It has been shown previously (NRL Report Noe P=2065) that
the protootive capaolity of 8«145 is lowered slightly in the
presance of 7Zn0 as 8tebillzer, the decrease being less pro=
nounced in tha nase of wnter dispersion impregneticns then in

the case of solvent imprognetions. No difference was observed
between 10% and 26% 2Zn0 for oither solvent or water impregnations.

39s Tho offeot of Zn0 and CeCOz on S-330 impregnations was
evaluated by H vapor penetration tests on s series of cloth
semplos imprognated with S-330 by the wetor dispersion proocess
and oontaining varied ooncentretions of Zn0 or CeOfae The
results of these tests nre presented in Table XXIV.
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Table XXIV

i

AL

Bffeot of Stabilizers on H vapor Penstration
Samples Impregnated from Aqueous Suspensions

Conce of Weathering Initlal Reactivity
g<abilizer or Capaclty 18t Bubbler Time
gtebilimer (% of 8-380) _Storegs  Mine/0.1 mg.clymf (Min.)
None e None 6343 52
Zn0 10 " 40,9 30
" 15 " 379 23
" 20 " 608 31
# 256 " 57.6 25
CaCO5 10 " 48,6 29
" 25 " 66,47 23
Nono - 76°C~76% RH
{96 hra) 87.9 23
Zn0 10 " 63.6 28
" 16 " 91.0 22
" 20 " 4440 22
" 26 " 10040 27
CaC0, 10 " . 758 21
" 26 " 81.8 18
None .- Tropical
(1 moa) - 22
2r0 10 " - 16
" 156 n an 20
i} 20 1 - 21
1] 25 " - 23
CaC0z 10 " - 16
# 25 [l - 168
None - Outdoor (3 )
wkes) 3.0 19
Zn0 10 at NRL 30 18
1t 16 L - -
" 20 " 340 18
" 25 " 3.0 18
€aC03 10 " 2743 7
" 25 " 64l 17

40, Tho nbove drnta indioate thnt no signifiocant change in oither

initinl reerativity or capacity is produced by the presence of Zn0
It 1s interesting to note thet in this particuler
series hoth officloncy end oapacity of sll samplos wore greatly
lowcred by outdoor weatheringe

or 0aC03.,
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{7) ‘Tho Effeect of Dyes

4le No evidence hes over heeon obtained that any of the dyes
used in 5~145 impregnated protootive clothing have had any
effect upon the vesioant resistance properties of the clothinge
Thet this is also true of S~330 impregnations wes gshown by a

[ series of penetration tests, tho rosults of whioh are given in

( Table XXV
Table XXV
Effeot of Dyes on H Vapor Penetration
Initial Renctivity
Cape.city lst Bubblor Time

Dye = Weathering or Storago Mine/0.s mge cl"‘/cm.2 (Min.)

" MNone None 6947 22
Blue " 8640 36
Khakl " 6647 46
None  75°0a7E% R«He (96 hrse) 6047 22
Blue " 7848 23
Khaki " 4846 19
None Tropical (1 mos) 6346 16
Blue " 34,9 16
Khaki " 8347 24
Noene  Outdoor (3 wks.) in 5746 19
Blue Floride 65746 26
Khall u 837 20

(8) The Effost of Partiole Site

42+ It hes previously been shown (NRL Report Nos P=2066) that
partiocle size 1s a detormining factor in the protective capacity
of 8=14b impregnated fabrios, & drop in ocapacity ocourring if the
particle size exceeds 16 mioronss To evaluate this effeot for
8«330 imprognations a serics of samples impregnated from a water
system with §=330 which had beon earefully frastionated inte
particle size ranges was subjected to H penetration testas The
rosults of these tests arc shown in Table XXVI.
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Table XXVI
Effect of Particle Blize on H Vepor Penetration

Initial Reactivity

Particle Size Capeaclty 2 1s4 Bubbler Time
(Microns)  Weathering or Storage Mine/O.l me. C1*/om. (Min)

15 None 8749 33

5«10 " 6leb 42
10«20 " 6346 63
2030 " 6046 7
30«40 " 5146 76
Mixed " 94,0 26

146 769Ca75% ReHe (96 hras) 78,8 27
.B«10 " 804 27
10-20 " 9845 37
2030 " 7448 30
30=40 " 4244 22
Mixed o 43.9 20

1-6 Tropioal (1 mos) - 21

5«10 " - 24
10-20 " - 26
20«30 " - 24
30-40 " - 24
Mixed oo -~ 22

1-5 outdoor (3 wks.) 10841 27

5«10 et “NRL 103.,0 20
10=20 n 94.0 20
20«30 " 6346 23
30«40 " 727 30

43+ The data in Table XXVI do not indicate mny signifioant
difforences as regards particle sire of tho Be330. The initial
leakage in all ocases is high, partioularly efter the weathering
end storage treoatments.,

(9) The Effeot of Chlorinetion on Fabrie

44, A numbor of samplea of cloth prepared by the "chlorinetion
on fabrio" technique previously desoribed wore ovaluated for
initial leakage of H vaper, both before and after weathering

and storago tests. It wes hoped that this means of impregnation,
whieh produces a moro thorough distribution of impregnite through=
out the body of the cloth, would reduce the high initial leekage
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characteristic of standard methods of impregnation. The date
in Table XXVII are¢ ropresentative of thet obtained in testing
these semplese

Table XXVII

Effeot of Chloerination on Fabric on H Vapor Pemetration

Initial Remotivity

Capacity lst Bubbler Time
Bindor Stabilizer Weathoring or Storage Mine/0el mge C1* /fome? “(#ine) .
None None Nono 6646 186
26% CP # " 8648 263
60% CP " " 80,8 327
76% CP " " 5746 252
76% CP  10% Zn0 o 5446 199
None None 78°%~756% R.He (96 hrs.) 340 17
256% CP " " 3.0 14
50% CP " " 3.0 22
76% CP " " 3.0 24
76% 6P  10% Zn0 " - -
None None Tropical (1 mo) - 16
26% OP " " - 19
50% CP " " - 186
76% CP " " - 16
76% OF 10% Zn0 " - 23
None None Outdoor (3 wke) 81,1 87
26% CP " at NRL 9349 216
50% OP " " 8346 178
76% CP " " 606 159
75% CP 104 2r0 . 5446 140

45, It is evident as a result of this data that the "Chlorination
on fabrio" technique results in a vory satisfactory low

initiel leakage on exposure of freshly lmpregnated fabrioes to

H vapors Semples after 3 weeks outdoor weathering alao exhibited
low initial leakege mnd normal oapnoity. However, both tropical
storage and acoelerated storage (76°C-75% ReHe) rosulted in a
lowered oeproity and & high lnitial loakagee

(10) Tho Effect of Leundering

48, Since the "ohlorinetion on febric" method of impregnaticn
rosulted in e marked improvement of the protective oharacteristic
of all sampled sxeept thoss ezxposed to tropical and accclerated
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storago, n test was mado to determine if laundering of these
latter seamples would rosult in improved leskags charaecteristias,
The results obtained are given im Teble XXVIZII.

Table XXVIII

Effoct of Laundering on H Vepor Penetwation
Samples prepared by Chlorination on Fabrio

Initial Reaotivity

lst Bubbler Time

Binder Stabilizor Weathoring or Storage (Min.)
None None Fresh Samples 76
26% CP " (Laundered) 215
60% CP " " 176
76% CP " " 159
76% 0P 10% 2n0 " 140
Hone None 76°C~75% ReHe (98 hry) 10
25% oP " {5emplea Launderod) 20
50% op " " 18
76% CP " " 27
76% CP 107 2n0 " 17
47, No benefiolial offoet was produced by laundoringe The

laundered froshly improgneted semples had a low initiel leakage
but the laundered rocelerated stornge semples permitted s high
initial leakage.

48,

(11) Tho Effect of Acid Rinsing

It was bolleved that the increesed- initial leekage of

“ohlorination on fabrio® samples efter tropiecal or smecelerated
storage might be caused by m covering of the S-330 particles
with an inert coating of §330 base rosulting from deoomposition

of some S«330 during the storage.

If such were the ocese, it

woas oonsidered theoretioally possible to remove this voating
by rinsing the cloth in a dilute solution of HOl and thus
rostore its originel good protestive charecteristios,

49,

Acpordingly the semples desoribed in Seotion (9) which

showed high leskege after accolerated storage werc rinsed

first in dilute HC1 and then in water.

Af'ter drying,

penetration tests were made and the following data obtained.
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Table XXIX

Effeot of Acld Rinsing on H Vapor Penetrmtion
Chlorination on Fabric Samples Subjooted to Acoserated Storage

Initiel Reactivity (1st Bubobler Time«Mine)

Aftor 968 hre at After 96 hmrs at 76°C=T6% ReHo

Bindor Stabilirer 75°C « 757 ReHe and Dilmte HC1l Rinse
None _None 17 14
26% CP " 14 20
50% CP " 22 15
75% CP i 24 36

50¢ The dats in the above tablo show that an es3d rinse did
not restore the original effectiveness of the “ohlorination on
fabrie" typo impregnetions.

(12) Summery

51e A8 e result of the vesiocant vapor penetrati on tests desoribed
in this seotion, the following goneral oconclusioms may bYe made:

(a)

(b)

(o)

(4)

CONFIDENTIAL

Clothing imprognated with 8330 by oither the
totrachlorocethane solvont procesa or the aquecus
suspension proocess shows adequate oapacity toward
H vaper penetration but permits a high initial
loakage of wapor both in the oase of freshly im=
pregnatod semples and samplee subj ected to acceler=
ated or tropioal storage end outdeor weathering.

Olothing impregnated with 8330 ty~ the "ohlorination
on fabrio" process shows sdequate protective
capasity and does not permit m high initial

leakage of vaper in tho onse of freshly impreg-
nated semploa or semplus subjooted to outdoor
weathering, However, such samples subjeoted to
tropioal or accoleretod storage do parmit m high
initial loekag: of vapor.

Laundoring or acid rinsing of "shlLorination on
febrio" sanples aftor tropioal or sascelerated
storege does not restore tho origlinal low initial
leakage characteristics of the cloth.

Binder ooncantretion, the prosanee of Dexed 11,
impregnite conecontrotion or partiels sigc, the
prosenco of Zn0 or 0aClg, or the presence of dyes
do not affeot the vepor resistante proporties of
8-330 impregnnted frbrica.




(e) Mixing S=330 with other more reactivo ohloroesmides
(S8=145 or 5«461) results in an improvement in the
magnitude of initlal leekege of H waper through
freshly impregnated clothing but still allows =
high initial loakage after troplonl or acocelerated
storage and ocutdoor woatherings

Es Physiclogienl Evaluation of §-330

52¢ To dotormine the physiologlcal signifioanece of the high
inltinl loakage shown by S=330 impregneted olothing in chemical
penetration tests, a series of "armeohember" tests was made in
the arm-chambore Tho design end operation of this chembor are
deserited in NRL Report Nos P=2219, "Chamber Tests with Human
Subjoots, Part III, Design, Oporetion end Celibration of a Chamber
for Exposing Forearms to H Vapore'" Throe typos of olothing wore
testsd in thie sorles,

() 8tenderd 8-145 aqueous process impregnated
clothing, freshly prepared.

(b) 8=-330 agueous prooess impregnetod olothing,
froshly proparede

(e) B8-330 aquoous process impregnnted olothing,
Btorod at 76°C=767 ReHe for 96 hours,

63« The oclothing consisted of fullelongth Arnzen cloth sleecves.
These slooves were worn by the subjeots underneath a standerd
8«146 impregnated protective jumpers In dressing tho subjeots,
standard wool, imprognated gloves were pulled ovor the slecve
to be testod, rolled baock to the wrist and tapede The sloovsa
of the jumper wore rolled beck and teped so that a 3" strip of
thy sleove to be tosted was left uncovoroed.

64¢ Tho mrms of the subjoots drossed es dosoribed wore exposed
to H vapor in tho arm chambor undor tho following conditions;

Tomperaturc and hunidity: S0°F « 856% ReHe
Concentration of H vaper; 20y~ H/ls

Time of Expoaurg t 1 hour
CT (mge mine/me®) 1 1200
Number of exposures t )

55« Tho clothing wes worn for 4 hours eftor the exposure,end
roadings were teken at 24 and 48 hours.

66e The results of this test ere prosonted in the following
tablo,
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Tablo XXX

Physiological Evaluation of §«330

Reactlon
Type of Cloth - Noe of Arms 24 hours 48 hours
Frosh 8«145 3 E-% -
o -
Frosh 8330 3 E- Ee
E=- Fe
BE= Ew
§«330 after 96 hrs,
at 75°C=75% Re He 3 E E+
E E+
E- E+

Legonds 0 = Yo rosction E = Modorate erythcema !
E=? = Trace E+ = Papular erythemu
BEe = M1ld orythoma V = Vosiolo

67¢ The data in the above tnble show quite oloerly thet the
8-350 impregnations are physlologloally inforlor to the S=146
impregnation. Tho agod 8«330 olothing was much less offioient
than tho froshly imprognated cloihs

58s That the physiologloal difforences of tho throe typed of
olothing is e function of the dogroo of initinl loakage ms
obsorved intthe ohomiocal penetration tests is indicated by a
oomparison of the data obteined in penetration tests of semples
from the amme sleeves tested in the ohamber. The data ere
given in Teble XXXI.

fable XXXI
H Vapor Penstratien Tests on Sleeves Used in Arm Chamber

Initial Reaotivity

“Type of (loth lst Bubbler (Mins)
Fresh 5«145 130
Fresh §-330 34
5«320 after 96 hours 16

at 7B QC -75% R OH [y
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59« 48 a result of the above tests, initial leakage as indicated
by the chemloal penetration test appesrs to be physialogically
significent, end the high initial leakage of 5330 impregnated
olothing represonts a serious oonsideration in the use of this
compound for protective olothing.
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SUMMARY AND CONCLUSIONS

3s The compound 5-330 haa been investigeted as an impregnite
for psrmeable protective elothing: The use of §-330 in formu-
lation of aqueous impregnating systems has been studled in the
laboratory and in a portable impregnating plant. The results
showed that §-330 oould bs satisfactorily formulated and was
in this respeot comparable to the present impregnite Se145,

2¢ A novel method of applying impregnite to oloth has been
developed whioh utilirzes the sclubility of unohlorinated §=-330
in dilute acide. Application of a water sclution of S«330 base
to oloth followed by exposure to chlorine gas resulte in an
impregnated fabric which is soft, pliable, and doea not dust.

3» Cloth samples were impregnated with several different
chlorcemides and compared as to retention of aotive chlorine

and tensile strength upon storage and weatheringe The oompound
§-330 was superior or equal in stabllity to 8-145, 8-328, 8-461,
end Be=222,

4 Several meriea of impregnatvions were oarried out in which
the different oomponents of the impregnating bath were used

in various emounts. Aotive chlorine mnd tensile strength
retention were not greatly affected for §-330 impregnnted oloths
when any of the follewing oomponents were veried; the binder,
ohlorinated paraffinj the stabilizers, Zn0 or CaCOg; the
dispersing agent, Daxad 113 or the water dinperaier dyes.
Addition of other ohloroamides had very little effect of
stabllity on 8«330 impregnnted cloth semples, BS<330 impregnated
fabrics prepeared by the ochlorination on febrlic procedure were
less stable on outdoor expoaure than normal samplase

6o A comparison of the laundering resistance of various 8§-330
impregneted fabrics revealsd that lack of s binder results in
poor resistance to launderinge

8¢ A comprehensive series of vesieant vapor pemetretion tests
have been oarried -gut on 8-330 impregnated oloth wamples. - The
capecity of 5=330 on fabrie for destroying musterd geas is
excellent in oomparison with the chloroamide S-145+ However,
there are marked differences in inltial leekage of H vapors

8=330 oloth samples, espeoielly alter storage or outdoor exposure,

show & high initial lenkage of H wherens S.145 cloths show very
little initial lenkage.

Te Variantions in the emount of binder, atabilizer, Daxed 11,
dyes,and in impregnite perticle size uvn 8-330 sloth semples were

investigated from the standpoint of H pehelration. No sighlflioant
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effeots were found inasmuch es 2ll semples still exhibited
e. high inltinl leakage espeoirlly efter storage or waathering.

8¢ Additlon of other more reective chlorommides to S-330

in an effort to minimire initlal H leskapge resulted in an
improvement for unaged oloth sempless After storepe or
westhering, however, the oloth semples Impregneted with mixed
chloroamides exhibited the high initiel lenkage charecteristie
of 8«330. '

Se Very low inltlal leakege of H vapor was found for oloth
samples prepared by the ohlorinstion on fabric technique. No
inoremse in initiel leskege coonrred after outdoor weatheringe
However, troploml storage end accelerated stormpe tests
resulted in high initial leakagee

10« laundering or aolderincing of aged samples of ecloth
impregneted with 8-330 failed to improve the high initiel
leake.ge ohearacteristios of §-330.

11. The physiologlorl signifiomnce of the high initial
lenknge observed in chemlonl ponetrrtion tests was determined
in r series of “Arm~chember" testss Subjeots wearing 5-330
imprognnted sleeves which hed been aged for 96 houra at 75°C-
T6% ReHs oxhibited severe erythema nfter one exposure to H
veper et n CT of 1200,

12+ Considerction of all the deta leeds to the oconslusion that
§=330 18 rn excellent compound from the standpoint of stebility
upon storege or weathering but cennot be oconsidered as an im-
pregnite beonuse of 1ts fallure to prevent leekege of H vapor
through olothing impregnated by methods now knowna
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REC OMMENDATIONS

1¢ It is recommended that §-330 not be uged as an impregnite
for permenble proteative olothing because of leakage of H vapor
through sush impregnated clothings

2. It is recommended that further investigation be mede in
( an effort to improve the preoteotive velue of 8-330 because
of its otherwise ocutstanding properties in regard to stebility,
non-irritancy, proteotion egainst Lewisite, and lack of
degrading asotion on cotton fabrice
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